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Abstract:  
This paper employs a simultaneous equation model based on the model of Huang and Labys(2003) to describle the 
interactions among a set of variables such as economic growth, foreign trade, FDI and environmental pollution.  An 
empirical test is made by using Chinese regional panel data in 1993-2007. The results indicate that export-oriented 
economy is good for  local environments on the whole, and Environment Kuznets Curve holds true in China while 
Pollution Haven Hypothesis does not. 
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1. Introduction 
Since the opening-up, China export-orient economy has been developing rapidly and contributes 
greatly to the economic g rowth & social welfare’s enhancement. However, the country’s environment 
becomes worsen under such continuous expansion. Does the economic g rowth  destroy the environment? 
In the process of globalization and trade liberalizat ion, whether China, as “the world factory”, has become 
the “pollution haven” of the world? Obviously, study on such issues is very significant. 
After reviewing massive relevant literatures, we find that there are many divergences on the 
relationships among foreign trade, FDI, economic growth and environmental pollution. The main 
viewpoints include as fo llows: a. Environment Kuznets Curve (EKC). It holds that, with the increasing of 
income, the environment quality has experienced a process of so called “fo llowing the bad with the good”, 
i.e. inverted U-shape curve[1]. b. “Trade Benefit  Theory”. It states that free trade can  allocate global 
resource reasonably and raise national income, and therefore enhances people’s willingness to pay for 
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environment. c. “Trade Harm Theory”. Environmentalists main ly hold the reverse viewpoint; they think 
that  enlargement of both trade & FDI would surly  expand the production & transportation, which results 
in the environmental deterioration. Moreover, trade liberalizat ion and “the pollution industry shift”, 
especially to developing countries with loose regulations, will finally turn them into the world pollution 
haven; i.e. “Pollut ion Haven Hypothesis” (PHH)[2]. d. The viewpoint of complex relationship. It holds 
that foreign trade is “the engine of economic growth”, meanwhile the economic growth is the basis of the 
trade. Foreign trade affects the environmental quality through scale, comp osition and technical effect; 
while environmental regulations influence a country's output, consumer preference and trade pattern in 
turn. So there are complicated interrelat ionships among trade, economic growth and environment. When 
FDI flows in, it interacts with the above mentioned factors and makes the relationship even more complex.  
2. Model and Variables  
2.1. Model  
Acorring to the mechanism of the interactions among free trade, FDI, economic growth and 
environmental quality described by Huang & Labys[3] and other scholars[4],  we employ the following  
model, which stems from Huang & Labys’ basic system, to testify the interactions in Chinese case. 
( , , , )Y A T L K E                                                                                                                                 (1)  
( , , , )E F R Y S O                                                                                                                                  (2) 
( , , , , )T Z Y FDI DT TN ER                                                                                                                    (3) 
1 1( , , , , , , )FDI V Y CFDI PGDP GZ R M DT                                                                                            (4) 
Equation (1) shows that the total output Y is the function of foreign trade T, labor factor L , capital K 
and emissions E. E not only are the negative products in the production, but also can be regarded as kinds 
of input factors. Theoretically there is a positive correlation among Y, T and the input factors. 
Equation (2) represents that E is the function of R (pollution tax), Y, S (the share of the pollution-
intensive sector’s output) and O (the degree of openness). Suppose that there is an inverted U-shape 
relationship between emissions and income, the relations between R, S and E are indefinite. A lso the 
relation between O & E is uncertain, i.e. an open economy may be good or bad to the environment. 
Equation (3) means that T is the function of Y, FDI, geographical positions DT, trade policy (tariff 
level) TN and exchange rate ER. FDI & T have the relations of cross substitution & promotion. Since FDI 
is closely connected with the processing trade in China, the possibility of the same direction variation 
between the two is very big. There will be  a positive correlation between Y & T, but negative for T & TN.  
Equation (4) shows that FDI is the function of Y, FDI, stocks CFDI-1, wages GZ, infrastructure M, 
environmental policy  R , DT, and PGDP-1 (representing potential market). R here is replaced by the 
related foreign investment policy, so as to focus on the influence of environmental policy on FDI inflows. 
Theoretically, FDI is often attracted by the country’s economic growth; good infrastructure may reduce 
transaction cost, thus there should be a positive correlation among them; but wage level and the strictness 
of regulations will correlate negatively with FDI. 
2.2. Variables and Data  
The above model involves 14 variables: Eit represents the environmental quality. It  is measured by the 
volume of the pollutants’ emission. The paper takes industrial “three wastes” as the pollution index. 
Subscript i & t refer to the province (city) and the specific year. Yit is the amount of GDP, Rit is the 
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intensity of environmental policies; which is measured by pollut ion charge in substitution. Lit is the 
volume of the employment, Kit represents the total investment to fixed assets, Tit is the amount of import 
& export, Sit is the ratio of the industrial output to GDP, which measures industrial structure adjustment. 
Mit refers to the proportion of tertiary sector reflecting the development of service industry such as 
finance, informat ion, transportation. Approximately  it  represents infrastructure variable. GZ it indicates 
average wage and it is the main cost of FDI. DT, as a dummy variable, represents regional differences. 
The paper sets Beijing, Shanghai, Guangdong, Zhejiang, Jiangsu, Shandong, Fujian  as 1;  and the other 
areas are zero. CFDIi(t-1) is the total volume of FDI of the years prior to year t. PGDP i(t-1) represents per 
capita GDP of the province (city) in the year t  of a time lag. TNt is the tariff rate, gotten by the annual 
total tariff revenue divided by total import volume of the year. ERt is exchange rate of RMB to USD. Ot  
stands for the degree of opening-up, measured by the ratio of T to GDP of the year. 
According to above economic variab les, this paper plans to use the database which consists of the 
panel data of 30 provinces in ch ina from 1993 to 2007. A ll data come from “China Statistical Yearbook”, 
“Chinese Environment Statistical Yearbook” of each relevant year, correlative statistical yearbooks and 
bulletins of each province, city and areas . The trade data come from “Chinese Foreign trade Yearbook”. 
3. Data Processing and Results 
3.1 The Identification of Simultaneous Equations Model 
Identificat ion means a structural equation in the simultaneous equation system has a determinate 
statistical form;  only the d iscernible equation could be estimated. Therefore, it is necessary to identify all 
of the equations first. The identifiable model must satisfy both rank condition and order condition. The 
former is the necessary and sufficient condition, whereas the later is used to judge  whether it  is excessive 
or appropriate identification. According to thes e, the paper has identified  respectively to each equation in 
the model, and found that the above model is discernible, and each equation is excessive identification.  
Then we turn to the estimat ion of the parameters of the model. Because an endogenous variable could 
be both an explanatory and explained variable  in the structural model, the basic assumption of the 
classical linear regression model cannot be satisfied; thus the parameter estimated will be b iased and 
inconsistent if OLS is used. Considering all the equations are excessive identification, the paper chooses 
two stages least squares methods (TSLS), and takes all variables except DT into the natural logarithms [5].  
The specific form of estimating equations as follows: 
1log (1) (2)log (3)log (4)log (5)logit it it it it itY c c T c L c K c E H                                                                        (5) 
2
2log (6) (7)log (8)log (9)log (10)log (11)logit it it it it t itE c c R c Y c Y c S c O H                                                   (6) 
3log (12) (13)log (14)log (15)log (16)log (17)it it it t t itT c c Y c FDI c ER c TN c DT H                                               (7) 
( 1) ( 1)log (18) (19)log (20)log (21)log (22)logit it i t i t itFDI c c Y c CFDI c PGDP c GZ     
 
                                                                                       (8) 
 
3.2. Data Processing  
Estimating the above four equations respectively by Eviews 6.0, the results are presented as follows: 
Table 1. Estimated results of equation (1) 
 
 
log itY  log itY  log itY  log itY  log itY  log itY  
4(23)log (24)log (25)it it itc R c M c DT H   
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C
 
-8.1357 
Ϋ-6.4020  ˅
-0.7910 
˄-5.7284  ˅
-0.8674 
˄-4.2416  ˅
-1.3266 
˄-6.7866  ˅
-0.9352 
˄-3.9480  ˅
-0.56 
˄-3.717˅ 
log itT  0.1205
˄7.096  ˅
0.1472 
˄11.0649˅ 
0.1532 
˄10.8802˅ 
0.1696 
˄11.9841˅ 
0.1584 
˄10.1638˅ 
0.1431 
˄10.3304˅ 
log itL  0.2754 
˄7.6560˅ 
0.3356 
˄14.3265˅ 
0.3451 
˄15.8218˅ 
0.3017 
˄14.4602˅ 
0.3296 
˄10.7413˅ 
0.3744 
˄23.0592˅ 
log itK  0.5861 
˄24.3446˅ 
0.5674 
˄24.9275˅ 
0.5529 
˄21.4483˅ 
0.5401 
˄22.9870˅ 
0.5555 
˄22.57918  ˅
0.5577 
˄25.1167˅ 
log itW  0.0939 
˄2.6757˅      
log itCOD
`
 
 
 
0.0276 
˄1.5066˅*     
2log itSO   
 
 
0.0273 
˄1.1340˅*    
log itYC   
 
  
0.0819
˄4.1121˅   
log itFC   
 
   
0.037 
˄1.2527˅*  
log itGF   
 
    
-0.0061 
˄-0.9339 *˅ 
2
_Ad R  0.9735 0.9738 0.9728 0.9740 0.9727 0.9751 
Note: Values in bracket is t  statistics; * denotes the coefficient in 10% of significant level is not significant. The following tables are  
the same. 
Table 3. Estimated results of equation(3) 
 
 C  log itY  log itFDI  log itER  log tTN  tDT  
2
_Ad R  
log itT  31.0590 
˄3.1003˅ 
0.3717 
˄5.4560˅ 
0.4787 
˄9.9210˅ 
-4.1890 
˄-2.8942  ˅
-0.4932 
˄-3.3582  ˅
1.1076 
˄9.8111˅ 0.8617 
Table 4. Estimated results of  equation(4) 
 
 
C
 
log itR
 
log itCFDI
 
log itGZ
 
log itM
 
( 1)log i tPGDP   tDT
 
2
_Ad R
 
log itFDI
 
6.6294 
(6.0489) 
-0.2786 
(-2.5866) 
0.5931 
(13.3458) 
-0.6310 
(7.1783) 
-0.0742 
(-0.4713)* 
-0.0489 
(-0.7411)* 
0.7385 
(6.200) 
0.8281 
Table 2. Estimated results of equation (2) 
 
 
log itW  log itCOD  2log itSO  log itYC  log itFC  log itGF  
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C
 
-1.5345 
˄-0.6681 *˅ 
-6.0774 
˄-1.7661˅ 
4.7147 
˄1.7871˅ 
-9.2857 
˄-2.5490  ˅
-1.9740 
˄-0.5399 *˅ 
-17.5849 
˄-1.8236  ˅
log itR  0.1792 
˄2.1939˅ 
0.7284
˄5.9542˅ 
0.7388 
˄7.8766˅ 
0.5281
˄4.0777˅ 
0.8030 
˄6.1779˅ 
2.2817 
˄6.2033˅ 
log itY  2.0857 
˄2.9216˅ 
2.7234 
˄2.5464˅ 
0.7312 
˄0.8918˅* 
5.0511 
˄4.4612˅ 
1.9106 
˄1.6814˅ 
3.5730 
˄1.1590˅* 
2log itY  -0.0978 
˄-2.1653  ˅
-0.1812 
˄-2.6798  ˅
-0.0621 
˄-1.1982 *˅ 
-0.3519 
˄-4.9150  ˅
-0.1449 
˄-2.0158  ˅
-0.3944 
˄-2.0261  ˅
log itS  0.5591 
˄3.9937˅ 
0.3213 
˄1.5320˅* 
1.0107 
˄6.2856˅ 
1.3951 
˄6.2832˅ 
0.1693 
˄0.7597˅* 
-1.7348 
˄-2.2091  ˅
log tO  -1.2124 
˄-8.8693  ˅
-1.5824 
˄-7.7263  ˅
-0.3138 
˄-1.9983  ˅
-0.3338 
˄-1.5395 *˅ 
-0.8312 
˄-3.8201  ˅
-3.6510 
˄-6.0381  ˅
2
_Ad R  0.7354 0.5620 0.6672 0.3206 0.4154 0.3660 
Pattern Inverted U Inverted U Inverted U Inverted U Inverted U Inverted U 
4. The Analysis of Results 
The results indicate that the majority of coefficients have passed significance test. Regard ing the 
equation (1), the increase of T, L, K, etc. causes the growth of Y as predicted. The output elasticity 
coefficient K is bigger than that of L, indicating that capital input makes greater contribution to the output; 
namely, the increase of output main ly depends on investment rather than labor productivity. All pollutant 
indicators have a positive correlation with Y except GF, which means that economic development is 
usually followed with environment deterioration during the observation period. 
As to the results of equation (2), we mainly focus on the following two issues: a. Is the EKC theory 
true in China? b. How did other controlled variables affect the emissions of various pollutants?  
First, the coefficient log2 Yit is negative and only one coefficient in the model is not significant; i.e. all 
equations of six pollutants follow an inverted U-shaped curve. Therefore, EKC is proven to be true; it 
means environmental pollutions will increase along with the GDP growth before the “turning point”. 
Secondly, there is positive correlation  between emissions & environmental regulations. We think that 
it results from the inefficiency of the pollution charge in China at present. The pollution charge is  one of 
the most popular means of regulations, which compels polluters to lower the energy consumption and 
reduce emissions. But how can  the target be achieved? It depends on not only the regulation itself, but 
also the enforcement. However, it is so weak and inefficient in China now.  
Thirdly, the six indicators of emissions are related negatively with the opening of economy, all of 
them pass the significant test except YC. This implies that openness is good to the environment.  
As to the relation between S and emissions, the coefficient of GF is significantly negative, while that 
of both SO2 & YC are obviously positive. In our view, these are main ly caused by the adjustment of the 
industrial structure; for instance, the min ing industries have been shrinking greatly recently while the 
amounts of their import have been sharply rising. Moreover, the industrializat ion has been accelerated 
nowadays, especially in the eastern area, which has entered into the stage of repaid growth of capital-
intensive industries with heavy emissions. Obviously, it aggravates the environmental deteriorat ion.GDP, 
FDI & DT are positively correlated with T in equation (3). Since the opening-up, FDI has played a very 
important role on Chinese economic development. It has brought in abundant funds, advanced technology 
etc. The correlat ion between ER & T is negative but not significant. Because the value of foreign trade is 
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measured by US dollar; any change of ER can oppositely affects the amounts of trade. The customs duty 
is prominently negative, indicating low duty may stimulate import and export.  
Finally, in  equation(4), the coefficient of GDP is remarkably positive. It means that the economic 
growth & market size are the key factors determining the location of FDI. The coefficient of CFDI is 
positive and passes the significant test, which implying that the inflow of FDI is  affected by its stocks in 
prior period due to the transaction cost. There is negative correlation between R & FDI, the elasticity 
coefficient is -0.28, showing that the present environmental polic ies have some constraints on FDI˗i.e., 
the inflow of FDI is not attracted by Chinese relatively  loose regulations. There are many factors 
influencing FDI, such as the host country’s politics, barriers of industrial entry & withdrawal, market size, 
accumulat ive effects of investment, etc. So the environmental cost is only a very s mall part of the total 
cost; the majority of industries  transferred to China are induced by the rules of industry shifts itself rather 
than the motive of avoiding environmental costs. It suggests that no evidence supports for “PHH”. 
 GZ and FDI have remarkable negative correlation. It is obvious that FDI will certainly flow into the 
regions with low labor cost. During the observation period, the most of FDI absorbed are orig inated from 
Hong Kong, Taiwan etc., which primarily looked for cheap labor and developed processing trade. DT & 
FDI has remarkab ly positive relation. Actually, the location of FDI in China is not well balanced: the 
eastern areas hold a lead ing position while the central & western areas got very small part. Finally, M and 
PGDP i(t-1) don’t pass the test; it may be caused by the limitations of the data or methods used here. 
5 Conclusions and Implications 
   To sum up, the main conclusions and implications could be obtained as follows: 
a. The export-oriented economy is good for reducing industrial emissions in China. Therefore, we 
should stick to trade liberalization and FDI, while strengthening environmental regulations at the same 
time, so as to reach the “win- win” target for both economic development and environmental benefits. 
b. The environmental regulations have not been able to play an effective role in emission control. The 
fact of industrialization and its present structure is the main  reason for environment deteriorat ion in China.  
c. International industrial shifts are just the result of economic globalization. FDI in China main ly 
stems from Chinese repaid  economic growth, giant market  and cheap labor rather than relatively loose 
environmental regulation. The export-orient economy has not turn China into the world “pollution haven”. 
d.“EKC” holds true in China. During the period of observation, the emissions of solid waste, smoke 
dust and COD etc. have followed the path of inverted U-shape. But it should not be neglected that the 
wastewater is still at the increasing stage, and SO2 doesn’t appear a decreasing trend at present.  
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